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DESCRIPTION OP CLINICAL AND MICROSCOPICAL APPEABANOES OP :—
(1) A Case of Amyotrophic Lateral Sclerosis.
(2) A Case of Amyotrophic Lateral Sclerosis.
(3) A Case of Progressive Muscular Atrophy.
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REMARKS.
(1) The Morbid Anatomy and Etiology of the Conditions.
(2) The Pathological Relation between the Upper and Lower Motor

Segments.
(8) The Involvement of other Neuronic Systems.

CASE NO. 1.

A case of amyotrophic lateral sclerosis of fifteen months'
duration. General muscular wasting beginning and more
pronounced in arms and hands. Exaggerated reflexes. Loss
of sphincter control. Later pronounced bulbar symptoms.
Extreme general wasting and great helplessness. No sensory
symptoms. Microscopically.—Degeneration of large cells of
motor cortex and of efferent tract through capsule, pons,
medulla, and spinal cord, also in fibres of corpus callosurn.
Tangential, super- and interradial cortical fibres not affected.
In the medulla atrophy of cells of ninth, tenth, eleventh, and
twelfth nuclei. In the cord atrophy of anterior horn cells
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402 ORIGINAL ABTICLES AND CLINICAL CASES

in lateral and postero-external groups of cervical and lumbar
regions. Degeneration of fibres in anterior commissure and
in antero-lateral ground bundles. No change in posterior
columns. Atrophy of peripheral nerves and of muscles.
Vessels in a condition of slight arterio-capillary-fibrosis.

Clinical History.1

E. H., female, aged 33. Admitted to Claybury Asylum for
general paralysis, November 11, 1895. Unmarried ; occupation,
general servant. She says that up to a year ago she had been
able to do her work quite -well. She then noticed that her hands
became weak. Although her speech is thick and indistinct, she
gives perfectly rational answers to questions. Her memory, she
says, is not so good as it was, and she and her friends have noticed
a progressive defect in her speech. She has a small head and
large projecting chin, and this, taken with her lachrymose con-
dition, gives her an imbecile appearance, although, on conversa-
tion with her, it is apparent that she cries because of her helpless
condition. The pupils are equal and react to light and to accom-
modation. There is a marked wasting of the muscles of the hand
and forearm, with a condition of main en griffe, rendering her
quite helpless. The thenar and hypothenar eminences are par-
ticularly wasted; also the interossei. She is unable to extend
the fingers. The muscles of the body are generally wasted, but
the shoulder muscles not in particular. The respiratory move-
ments are mostly diaphragmatic, the upper part of the chest
moving very little. There is a general wasting of the musoles of
the leg, and a tendency to foot-drop and inversion. There is
very marked foot-clonus, patellar clonus, and wrist-tap contrac-
tion obtainable. She has lost power over her sphincters, and
she has some difficulty in swallowing and masticating her food.
She protrudes the tongue with difficulty when asked, and she
cannot protrude it far beyond the teeth ; it is tremulous. There
is no loss of sensibility. The muscles were tested with the faradic
current, and responded ; but a stronger current than usual was
required. A systematic examination was impossible, owing to
the patient's lamentation.

November 26.—Patient is much weaker; bulbar symptoms
much more manifest, both in difficulty of speech and swallowing.
She is very emotional, and continually cries out for water. She
still goes about the ward wheeled in a ohair. The left pupil is

1 Beprinted from The Archives of Neurology, Vol. I., p. 859.
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PRIMARY DEGENEBATTON OF THE MOTOR TBACT 403

rather larger than the right, but they react to light and accom-
modation. Her craving for water is no doubt due to polyuria,
for she is always wet.

January 29,1896.—Patient is much feebler and more helpless,
muscular wasting more marked. Knee-jerks and wrist-tap con-
traction very exaggerated. Can feel the lightest tactile sensation
on the leg; can protrude the tongue between the teeth, but the
speech is much more muttering and indistinct, although she
seems to know what she wants. She is now unable to swallow
even minced food. She passes a large quantity of water under
her, which cannot therefore be measured. She continually asks
for water. Her extremities are cold, and she is evidently sinking
fast. A few days later she was affected with ulcerative colitis
from which she died.—F. W. Mott.

Autopsy and Notes by Dr. Stansfield, February 13, 1896.

Muscles wasted; skull symmetrical, thick; dura mater slightly
thickened; pia-arachnoid somewhat opaque and thickened;
Pacchionian bodies numerous at vertex along mesial line ; con-
volutions large, simple ; sulci shallow; cortex small in amount,
fair consistence, piuk, striation marked; ependyma smooth.
Cord.—Recent haemorrhage round the dura in cervical region,
the clot beiDg dark and soft, extending from 4th cervical to 5th
dorsal; cord soft, flabby, wasted in the cervical and upper dorsal
portions. In the region of the lumbar enlargement it is much
firmer, and there is no apparent wasting. Musoular tissue of
heart very soft, brown, and small in amount; weight, 5 oz.
Liver.—39 oz.; slightly fatty. Spleen.—4 oz.; firm. Kidneys.
—9J oz.; capsule slightly adherent. Large intestine congested
throughout its entire length. Two ulcers in the first part of
rectum, one large, about J in . in diameter, with thick, overhanging
margins.

Cause of Death.—Ulcerative colitis and dementia of general
paralysis. (Microscopic examination and the smooth epen-
dyma of the ventricles showed that this was not a case of
general paralysis.—F. W . Mot t )

Microscopical Examination.
Brain.—The large pyramidal cells of the third layer are

diminished in number, and many of those which are present
show important pathological changes. Many of them have
quite lost their normal shape, and are swollen and globular
looking; others are shrunken and atrophied. In many
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404 ORIGINAL ARTICLES AND CLINICAL CASES

instances the nucleus and cell processes are very indistinct;
most of the cells also contain a large amount of yellow
granular pigment. These degenerative changes are confined
to the large cells, the small and medium-sized pyramids
being quite healthy. Throughout all the cortical layers
small round cells and Deiters' cells are present in large
numbers, but especially so in the deepest polymorphic and
granule layers. An examination of Marchi-stained sections
shows that there are large numbers of degenerated fibres
throughout the white substance, and also in the corpus
callosum, most of such fibres being of large size.

The tangential, super- and interradial systems of fibres are
well seen, and show no change; indeed, a particularly abun-
dant layer of tangential fibres is present.

The pia-arachnoid is thickened in places, and its vessels
are distended. Fatty changes are also present in many of
the capillaries of the brain, but such do not bear any relation
to the areas of cellular degeneration.

Internal capsule.—There are many fibres undergoing
recent degeneration, but carmine and Weigert preparations
do not reveal any definite area of sclerosis.

Crura.—Many fibres undergoing degeneration occur in
all parts of the pes, and at this level definite interstitial
sclerosis can for the first time be made out, especially in the
mesial portion.

Perns and Medulla.—Eecent degeneration, with slight
interstitial overgrowth, occurs throughout the efferent tract.
There are also well-marked degenerative changes in the cells
of the ninth, tenth, eleventh and twelfth cranial nerve nuclei.

Spinal cord.—Cervical enlargement (C. 2, 3, 4, 5, 6, 7,
and 8, D. 1 and 2). At all these levels there is recent
(Marchi) degeneration with interstitial sclerosis in the
crossed pyramidal tracts. Some slight sclerosis exists in the
direct tract, which, however, cannot be traced lower than
the second dorsal segment. There is also a little degeneration
in the lateral ground bundles, which is probably due to the
involvement of commissural fibres ; also a few degenerated
fibres in the anterior commissure. No other portions of the
white matter are affected.

The anterior horn cells are much diminished in number,
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PBIMABY DEGENERATION OF THE MOTOR TEACT 405

and most of those which remain are undergoing degeneration.
These changes do not affect all the cell groups however;
the mesial-anterior group is practically normal, and the
change is most marked in the lateral and postero-external
groups; within these groups there are scarcely any large
ganglion cells having a healthy appearance. The condition
appears to be one of chronic atrophy, there being no evidence
of acute change. The cell gradually becomes smaller and
withered-looking ; it loses its characteristic multipolar shape,
and is fusiform or crescent-shaped. The chromatic substance
loses that regular arrangement which is such a pronounced
feature of a healthy anterior horn cell; occasionally it has
completely disappeared, its place being taken by a mass
of yellow pigment, which stains black with Marchi fluid.
The nucleus is frequently eccentric, the nuclear membrane
very ill-defined. The cell processes are fewer in number, and
often broken off short, and the anterior roots are atrophied.
The posterior roots show no change.

In addition to these alterations in the cells there is a very
great decrease in the number of fibres composing the net-
work of the anterior horns; such diminution is especially
marked in the more central parts of the horn.

Dorsal region (D. 3, 5, and 8).—There is well-marked
interstitial sclerosis in the crossed pyramidal tracts in all
these segments, but the amount of recent (Marchi) de-
generation is very much less than in the cervical region.
Recent degeneration and sclerosis also exist in the anterior
commissure to a slight extent.

The anterior horns are practically normal, it being im-
possible to make out any diminution in the number of cells
or fibres composing them, neither can any degenerative
changes be seen. The cells of Clarke's column are likewise
healthy, and not decreased in number.

Lumbar region (L. 3 and 5).—The crossed pyramidal
tracts show precisely similar changes to those in the higher
parts of the cord, except that there is more interstitial
sclerosis and less recent degeneration. There is, however,
plenty of recent change in the antero-lateral columns, and
also in the anterior commissure.
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406 OBIGINAL ABTICLES AND CLINICAL CASES

Alteration in the structure and decrease in the number of
the anterior horn cells exist as in the cervical region, but to
a far smaller extent; such changes being also most pro-
nounced in the lateral and postero-external cell groups.

Membranes.—There is a slight thickening of the pia-
arachnoid all round the cord, which is greatest on the
anterior surface. The walls of many of the small and
medium-sized vessels are slightly thickened and fibrous; the
central canal is normal throughout.

Ulnar nerves.—Transverse sections of hsematoxylin pre-
parations show that in each bundle there are many fibres
which remain unstained. There is also a slight increase
of fibrous tissue, but Marchi sections show comparatively
little recent degeneration.

Thumb muscles.—Many of the fibres have completely lost
their striation, some being clear and homogeneous looking,
others finely granular, and others in a condition of actual
disintegration. Marchi-stained sections show that through-
out the entire muscle there are many fibres in a state of
fatty degeneration; in between those undergoing the above
changes, however, fibres occur which appear to be perfectly
healthy.

CASE NO. 2.

A case of amyotrophic lateral sclerosis of eleven months'
duration, beginning with painful cramps, followed by loss of
power in right leg. Left leg, right arm, and left arm shortly
afterwards affected. General muscular wasting, most pro-
nounced in small muscles of hands. Exaggerated reflexes.
Later, loss of control over sphincters. Delirium, extreme
helplessness. No impairment of sensation. Pronounced
bulbar symptoms shortly before death. Microscopically.—
Recent degeneration of projection fibres in motor area of
brain, also in corpus callosum, but no alteration in cells.
At level of pons sclerosis begins in pyramidal tracts and
continues to the furthest extent of the cord. Cells of
anterior horns atrophied in C. and L. regions, also decrease
in network of anterior horns. Glossopharyngeal and hypo-
glossal nuclei affected. Clarke's column normal. Sclerosis
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PRIMARY DEGENERATION OF THE MOTOR TRACT 407

in (roll's and antero-lateral columns. Universal arterio-
capillary-fibrosis. Atrophy of fibres of peripheral nerves.

Clinical History.
J. G., male, aged 67 ; occupation, labourer ; was admitted into

Charing Cross Hospital under Dr. Mott, on January 3, 1898, for
muscular weakness. There is nothing in the family history bear-
ing upon the case. The patient has been a soldier, and served
through the Crimean War and the Mutiny. Whikt in India he
had dysentery, and also a chancre and bubo. His present illness
began four and a half months before admission; he had previously
been working in a white lead factory for three weeks. He first
noticed a painful oramp in the right knee, which persisted and
became so bad that in a month's time he was unable to walk.
He then began to lose the power of movement in his right leg, and
had periodic attacks of twitching and cramp in this limb; accord-
ing to the patient such attacks lasted from ten to thirty minutes ;
he described the limb as being "all of a shake," and states that if
he were standing when such an attack came on he would fall
down. The left leg then became similarly affected to the right,
but there was less pain ; finally he lost all power of standing.
Shortly after this he noticed loss of power in the right arm, and a
little later the same in the left. He has suffered with constipation
since the illness commenced.

On admission.—Patient is fairly well nourished, he sits
propped up in bed in great distress during the periodio attacks
of pain; he sweats profusely at times; complains of a disagree-
able smell in the nostrils. He answers questions rationally, but
is very emotional, bursting into tears when narrating his illness.
He passes a normal quantity of water with a trace of albumen.
His appetite is good; he complains of thirst. Heart.—Sounds
muffled, but no murmur. Lungs.—Emphysematous. Abdominal
viscera.—Nothing abnormal detected. Nervous system.—The
patient has not sufficient power to raise or lower himself in
bed, and is quite unable to stand alone. The muscles of the arms
and legs generally are much wasted, but particularly the interossei
and those of the thenar and hypothenar eminences of the right
hand. He has great difficulty in flexing the knee joints, but can
flex and extend his toes and also perform external and internal
rotation of his feet. Fibrillary twitcbings can be seen in the
muscles of both legs and of the right arm. The deep reflexes are
markedly exaggerated, knee-jerks being excessive, ankle clonus
present, and wrist-tap contractions readily obtained. There is no
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408 OBIGINAL ABTICLBS AND CLINICAL CASES

loss or impairment of sensation to touch, heat and cold, or pain.
Sense of position is likewise unimpaired. Smell, sight, hearing,
and taste good and no difficulty in swallowing or talking.

January 17.—The patient now suffers considerably less pain ;
when present it begins at the ankle and stops at the knee, seldom
reaching as high as the groin. His arms seem weaker, and he
complains of being very thirsty.

February 3.—Still pains of a shooting character in the legs,
right more than left. He also has pain in the right wrist and
metacarpo-phalangeal joints, and the hand is slightly oedematoua.

Electrical examination.—Bight arm. With the faradic current,
the deltoid does not respond, the interossei and the extensors of
the fingers respond only sluggishly to a fairly strong current.
With the galvanic current, the deltoid and extensors react nor-
mally, but require a moderately strong current; the interossei react
to K.C.C., but a stronger current than normal is required. There
is no reaction of degeneration.

Left arm.—With the faradic current, the interossei respond
if a strong current is used; all the other mnsoles of the arm and
forearm respond to a slightly increased current. With the gal-
vanic current all the muscles react normally.

Legs.—With the faradic current, none of the muscles of either
leg react. With the galvanic current, there is a sluggish response
in all the groups, if a strong K.C.C. is used.

March 5.—Patient began to lose control over his sphincters.
March i.—Delirious in the night.
March 14.—Complained of severe pains in th9 lower part of

spine, for which morphia had to be given hypodermically; this
pain persisted, and was so severe that the injections had to be
continued constantly.

He remained in this condition for some months, then his
articulation became so affected that it was impossible to under-
stand him. A few days after the onset of this symptom he began
to have difficulty in swallowing; even fluids at times caused him
to choke, but they did not return through the nose. He was very
emotional. Shortly afterwards, a pressure sore appeared on the
inner side of each knee. He was always very thirsty, and gradu-
ally became weaker till his death on July 15, 1898, about seven
months after admission.

The affection of the muscles was such that for some months
before he died he was quite unable to move his arms to feed him-
self ; their position was adduction at shoulder, flexion at elbow,
and flexion of the thumbs and fingers; this position persisted until
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PRIMARY DEGENERATION OF THE MOTOR TRACT 409

death. Six weeks before he died, right foot-drop was very marked,
and both feet were oedematous, and the ankles very painful.
Latterly he knew when he passed his water, but it was all passed
under him. He never had any squint or affection of sight. He
always complained of thirst. The temperature was normal through-
out his illness, till three or four days before death.

Post-mortem Notes.

Body wasted. P.M. staining slight, and at most dependent
parts only; rigidity passing off; no bed-sores.

Thorax.— Rib cartilages ossified; both lungs cedematus and
deeply pigtnented ; emphysema along borders. Pericardium con-
tains half an ounce of clear fluid ; the membrane has several
opaque patches. The heart weighs 9 oz.; muscle is normal, and
the valves competent. There is extensive atheroma of the first
part of the aortic arch.

Abdomen.—Mucous membrane of the stomach is atrophied.
The liver is fatty and congested, and weighs 21bs. 5oz. Gall
bladder and its ducts are normal. The spleen is adherent and
friable. Kidneys.—Left weighs 7^ oz., capsule is adherent, and
the whole organ congested; right weighs 3 oz., and contains
numerous cysts, which are filled with fragments of calcareous
matter; the pyramids are wasted, and the pelvis inflamed.
Bladder is small, and its mucous membrane in a condition of
chronic inflammation. Pancreas is normal.

Brain.—The dura is normal; and the Pacchionian bodies are
large and prominent. The sulci in the central regions are filled
with opaque lymph, and the pia-arachnoid is opaque and some-
what thickened.

Microscopical Examination.

Brain.—Sections of the motor region stained by Marchi's
method reveal the presence of many degenerated fibres of
the projection system, many such are also found in the
corpus callosum. Unfortunately the method by which the
brain had been hardened made it impossible to use Nissl's
stain, but in sections stained by the carmine and Weigert-
iron methods there does not appear to be any alteration in
the cells. The tangential and supraradial fibres are like-
wise normal. The pia-arachnoid is considerably thickened
in places, and there is also fibrosis of the middle and outer
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410 ORIGINAL ARTICLES AND CLINICAL CASES

coats of many of the small and medium-sized arteries; in
many of the vessels this thickening is of a hyaline nature,
but there is no endarteritis.

In the crura and upper part of thepons there is abundant
recent degeneration without sclerosis of the fibres of the
efferent tract; in the lower part of the pons the presence
of an interstitial sclerosis becomes evident, and from thence
continues downwards as far as the sacral region of the cord.

In the medulla there is very marked diminution in the
number of cells lying around the floor of the fourth ventricle.
The nuclei of the ninth and tenth cranial nerves are
particularly affected ; not only are there very few cells, but
nearly all those -which are present are in a condition of
advanced degeneration, almost exactly the same as the
anterior horn cells presently to be described. The nucleus
of the twelfth nerve is also affected, but to a somewhat less
extent.

Spinal cord.—Cervical enlargement (segments C. 2, 3, 4,
5, 6, 7, 8 ; D. 1 and 2). In all these sections there is very
considerable recent degeneration with interstitial sclerosis
in both crossed and direct pyramidal tracts; one of the
latter is more affected than the other, which is evidently
due to the direct tracts being unequal on the two sides, as
not uncommonly happens. Within the affected areas there
is a great diminution in the number of fibres, and the
majority of those which remain are of small calibre, which
apparently shows that the large fibres are those chiefly
affected. In the lateral columns the degenerated area
exactly corresponds with that of the crossed pyramidal
tract, and the zone of white matter intervening between
the inner border of this and the gray matter of the horn
(lateral limiting layer) is perfectly healthy. There is also a
similar degeneration and sclerosis in the antero-lateral
columns in the form of a narrow band extending from
nearly as far forwards as the direct tract to nearly as far
backwards as the crossed, and lying midway between the
gray matter and the periphery of the cord (fig. 2, Plate I.).
This is probably partly due to degeneration of commisural
fibres connecting the upper and lower limbs, as it can be
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PRIMARY DEGENERATION OP THE MOTOR TRACT 411

traced as far down the cord as the lumbar enlargement;
possibly in the cervical region it is also partly due to the
atrophy of outgoing fibres from the anterior horns, as the
anterior roots are noticeably affected. Recent degenera-
tion and slight sclerosis are also present in the posterior
columns, corresponding to an early tabetic lesion affecting
the root zone in the lumbar region and Goll's column above.

In addition to these changes in the white matter there is
a very marked diminution in the number of the anterior
horn cells. This change is practically confined to the lateral
and postero-external cell groups, the mesial-anterior group
showing scarcely any change. Within the affected groups
nearly all the cells which remain are in a condition of
chronic degeneration, and of many of them all that remains
is a small collection of granular pigment. The network of
fibres in the middle portion of the horn as well as in the
posterior commissure is also exceedingly scanty, owing to
the atrophy and disappearance of a large number. Carmine-
stained sections show the presence of numerous Deiters'
cells and sclerotic tissue in these regions. These changes in
the anterior horn cells are much more marked in the lower
cervical and first two dorsal segments than they are in the
higher part of the cord, that is, in that portion of the cord
from whence arise the nerves supplying the arm and hand.
In this region the atrophy of the anterior horns is so pro-
nounced that it is quite evident to the naked eye.

The anterior roots are small and contain many atrophied
fibres, but show very Little recent degeneration.

Dorsal region (Segments 5, 6, 8, 10, and 12).—The
change in the direct tract becomes much less marked at the
level of the eighth segment, otherwise the recent degenera-
tion and sclerosis in the efferent tracts is similar to that in
the cervical region ; the lateral limiting layer being also
quite unaffected. The change in the antero-lateral columns
is likewise similar in nature and situation, but in the pos-
terior columns at the level of the tenth and twelfth
segments, although the sclerosis is best marked in the
inner portion of Goll's column, there is a slight interstitial
increase throughout both postero-intemal and external tracts.
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412 OBIGINAL ABTICLES AND CLINICAL CASES

It is quite different, however, with the anterior horns.
Throughout the whole of the dorsal region these cells appear
quite healthy, and are not noticeably diminished in number,
neither is there any decrease in the meshwork of fibres.
There is no change in the cells of Clarke's column.

Lumbar enlargement.—In these segments sclerosis is still
present in the lateral columns as a very well-defined tri-
angular area. There is also slight sclerosis in the antero-
lateral columns, and a diffuse sclerosis with diminution in
the number of fibres throughout the posterior columns ; in
the latter region it is most pronounced in Charcot's root
zone and the immediate neighbourhood of the posterior
longitudinal fissure, except the small oval area of Flechsig.

The anterior horn cells are affected to an even greater
degree than in the cervical enlargement, and all the cell
groups to an equal extent. Not only are there comparatively
few cells present, but those which remain are so profoundly
altered that it is with great difficulty one can find any
normal cells. Of those present many are little more than
globular masses of yellow granular pigment, surrounded by
a clear space, and apparently quite destitute of nucleus or
processes. In others the change is not quite so advanced,
and although the cell is very much shrunken and its outline
altered, an indistinct nucleus and short, broken-off processes
can still be recognised. In the anterior horn cells through-
out the cord there is a very considerable deposit of granules
of yellow pigment. In no instance could we discover any
indication of acute changes in the cells.

Unfortunately the spinal ganglia were not preserved,
but no change could be seen in the posterior roots.

Vessels.—Practically all the vessels of the spinal cord
and also many of the smaller ones in the membranes are
much thickeued ; this thickening involves the middle and
outer coats; in some vessels it is fibrous and in others
hyaline in nature. To many of the vessels there are well-
marked processes of fibrous tissue radiating outwards from
the adventitia, and insinuating themselves between the
nerve-fibres. The intima appears perfectly normal, and
we could find no trace of haemorrhage, embolus, or throrn-
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PRIMABY DEGENERATION OF THE MOTOR TRACT 413

bus. This condition of arterio-sclerosis is similar to that
described by Gull and Sutton ; its presence was also noted
in the brain, indeed, it is universal throughout the nervous
system, although most marked in the cord.

Membranes.—In the brain there is very marked thicken-
ing of the pia-arachnoid over the motor convolutions. In
the cord this membrane is also greatly thickened, but only
on the anterior and lateral surfaces, no change being evident
in the membrane over the posterior columns. The septa
passing into the cord from the periphery are also very much
thickened.

Ulnar nerves.—There is a very marked diminution in
the number of nerve-fibres in all the fasciculi, their place
being taken by an increase of fibrous tissue. This condition
is seen in transverse and longitudinal sections. Marchi-
stained sections do not show any recent degeneration.

CASE NO. 3.

A case of progressive muscular atrophy of over four
years' duration; beginning with weakness in right arm,
and a few months afterwards in left arm. Weakness and
wasting of various muscles of arms and shoulders, with
absent reflexes. Knee - jerks exaggerated. Speech and
swallowing not affected. Admitted into hospital for severe
cystitis, of which he died within ten days. Post mortem.—
Chronic cystitis with early suppurative nephritis. Extreme
degeneration of anterior horn cells in cervical enlarge-
ment, antero-internal group least affected, atrophy of anterior
roots. No change in anterior horns in D. and L. regions.
Slight sclerosis in posterior columns ; slight sclerosis in
crossed pyramidal tracts in lumbo-sacral region, no change
in pyramidal tract above. Universal arterio-capillary-fibrosis.

Clinical History.

E. S., male, aged 57; cabman; was admitted into Charing
Cross Hospital, under Dr. Mott, on July 14, 1896, suffering from
retention of urine.

There was nothing in the family history bearing upon the
case.

The present illness began a little over four years ago with
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414 ORIGINAL AETICLBS AND CLINICAL CASES

weakness and wasting in the right hand. Later, in March, 1892,
he was lifting a box on to his cab when he fell backwards, and
the box fell on him. He was unconscious for a few minutes, but
soon recovered, and then drove his cab to the station. The same
day the weakness in the right arm became worse, and about three
months afterwards he began to experience loss of power in the left
arm. Since June, 1892, the patient has been unable to use his
right arm for driving, and since October, 1892, the left arm has
been useless for the same purpose.

This helpless condition of the patient led to him going the
whole day without passing water, as he found difficulty in using
either hand. For the last seven or eight months, however, his
urine has constantly dribbled away, which he thought was due to
weakness. This condition not getting better, the patient came to
the hospital; it was then found that he had retention with over-
flow.

On making an examination of the patient, he was found to
have marked progressive muscular atrophy, although he probably
would not have presented himself for treatment had it not been
for the bladder trouble.

At first sight it might appear that the onset of the muscular
atrophy was due to the accident in March, 1892, but the patient
is quite definite that he had noticed some weakness and wasting
in the right hand for a short time before this. This being so, the
accident was probably the effect and not the cause of the disease;
further, the subsequent gradual progress of the wasting, and the
fact that it was three months before the left hand became affected,
is against the view that the disease was the result of haemorrhage
into the gray matter of the cord.

On admission.—Power of movement. In the right arm slight
flexion and extension of the fingers can be performed, but not of
the thumb. Extension of the wrist is entirely absent, but some
power of flexion remains. Pronation and supination are absent.
There is no power of flexion at the elbow, but some power of
extension. At the shoulder joint abduction and adduction are
wanting; slight rotation is possible; elevation is practically
normal. Left arm.—Movements of the fingers and wrist are the
same as in the right arm, but slightly stronger. Pronation and
supination are absent. Flexion and extension of the elbow joint
can be performed fairly well, and the hand can be brought nearly
up to the mouth. Abduction of the arm at the shoulder can be
performed; there is fair antero-posterior movement, and some
rotation. In the lower limbs movements at all the joints appear
normal.
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Nutrition.—The interossei and the thenar muscles of both
hands are much wasted, as are also the muscles of both forearms.
On the left the supinator longus is well preserved. The biceps is
practically gone on the right, and much wasted on the left. The
triceps are still fairly preserved on both sides. Both deltoids
are atrophied ; the pectorals, trapezei and the serrati magni are
fairly strong. There is some wasting of the muscles of the neck.
The skin over the fingers of both hands is red and 6ticky. The
right wrist joint is very lax, and allows of extension and passive
movement; there ia fulness over the synovial sheaths of the flexor
tendons. There is some grating in the right shoulder joint on
passive movement. Fibrillary twitching is observable in the
muscles of the right forearm. The muscles of the legs generally
are slightly wasted, but no group is especially affected.

Sensation.—Tactile sensation is slightly impaired in both legs,
and in the right hand, especially over the ring finger.

Reflexes.—These cannot be obtained in either arm ; in the legs
the knee-jerks are very brisk, but there is no clonus.

Electrical reactions.—The reactions of the muscles of both
upper extremities are diminished quantitatively. In the muscles of
the thenar eminence of the right hand all reactions seem to have
disappeared. All the muscles show polar changes, A.C.C. being
distinctly greater than K.C.C. The contractions, however, are
not sluggish. Stimulation of the muscles through the nerve
trunks by galvanism or faradism produces contractions. To the
faradic current the reactions of the muscles are normal, prompt
contractions being produced by a moderate strength of current.
Sensibility to both currents seems about normal.

Speech is unimpaired. Deglutition is normal.
Urine is very pale and opalescent; sp. gr. 10-10 ; alkaline in

reaction ; contains pus and albumen in considerable quantity.
July 22.—There is no change in the nervous or muscular

symptoms, but patient says that he feels very weak, and he is
evidently very ill. His pulse is 120; he has had persistent
hiccough for the last two days ; complains a good deal of pain in
the umbilical region, and, in spite of energetic treatment, the
cystitis still persists.

July 24.—Patient is so ill and exhausted that he speaks
with difficulty. Pulse 66, very irregular and collapsing. Early
this morning he had an attack of syncope, but came round on
the administration of strychnine and ether. Pupils are rather
irregular, the left being more contracted than the right.

He gradually sank and died the same evening, there being no
alteration in his nervous symptoms.
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Post-mortem Notes.

All the organs were found to be healthy, with the exception of
the genito-urinary apparatus. There was well-marked chronic
cystitis, the mucous membrane of the bladder being much
thickened, and covered with phosphatic deposit; here and there
were areas of acute inflammation ; there was commencing sup-
purative nephritis.

Brain.—The pia-arachnoid was slightly opaque and thickened
over the central convolutions. Here and there were a few small
cysts, varying in size from that of a hemp to a millet seed. These
might probably be due to early decomposition, or be small soften-
ings resulting from vascular change. The ventricles were not
granular, and the membranes were not adherent.

Spinal cord.—The dura mater showed no naked-eye change.
The whole of the lower cervical and upper dorsal regions of the
cord were remarkably flattened, and on section there was obvious
atrophy of the anterior horns. The lower dorsal and lumbo-sacral
portions of the cord seemed perfectly normal.

Microscopical Examination.

Unfortunately the ganglion cells of the motor cortex
could not be examined by Nissl's method, but in sections
of the crura, pons, and various levels of the medulla the
efferent tracts are perfectly normal; indeed, the sections of
the central nervous system above the level of the cord show
no pathological change, with the exception of some thicken-
ing of the middle and outer coats of the smaller vessels.

Spinal Cord. Cervical Enlargement.—(C. 4, 5, 6, 7,
and 8). In all these sections the cord is flattened and
wasted, and the anterior horns are obviously abnormal in
shape and much atrophied. Throughout the whole of the
enlargement there is pronounced diminution in the number
of the anterior horn cells, and those which are present are
in an advanced condition of degeneration, it being almost
impossible to find a healthy cell in this region. The change
undergone by these cells is a chronic one, associated with
the deposition of much granular pigment, precisely the same
as that described in the other cases ; the mesial-anterior group
of cells in this case also being less affected than the other
cell nests.
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PRIMARY DEGENERATION OF THE MOTOR TRACT 417

There is also a very noticeable decrease in the network
of fibres of the central portion of the horns, the fibres
lying towards the periphery not being nearly so much
affected; in the middle of the horns considerable numbers
of Deiters' cells are also present.

At the level of the sixth segment in one of the horns
there is a small focus of softening containing altered blood
corpuscles and granular masses of pigment.

The anterior roots arising from this region are small,
and many of the fibres are seen to be atrophied.

There is definite interstitial sclerosis at the periphery of
the cord in the antero-lateral columns, with some thicken-
ing of the adjacent pia-arachnoid membrane. Probably this
peripheral sclerosis is due to the atrophy of outgoing motor
fibres, rather than to the involvement of one of the tracts of
the cord. The change ceases above the fourth cervical, and
below the second dorsal segments ; its situation also exactly
coincides with the area of emergence of the anterior roots.
The thickening of the investing membrane and of the septa
in this region is probably also the result of irritation by pro-
ducts of degeneration carried outwards along the nerve roots.
Slight interstitial sclerosis is also present in the intermediate
portion of the antero-lateral columns; this is no doubt due
to atrophy of association fibres.

Dorsal Region. (D. 3, 6, and 8.)—In these sections
the anterior horns are perfectly normal, both with regard
to cells and fibres. The anterior roots are also healthy.
The cells and the reticulum of Clarke's column are abundant,
and show no change.

Lumbar Enlargement. (L. 4 and 5 ; Sa. 1.)—In none of
these sections is there any change whatever in the cells or
fibres of the anterior horns. Marchi sections show a few
black dots amongst the fibres of the anterior commissure
and in the posterior columns there is slight interstitial
sclerosis, indeed, both postero-external columns in all regions
of the spinal cord contain many fibres undergoing degenera-
tion, with some interstitial sclerosis, as shown in fig. 3,
Plate II. Many of these from their situation are undoubtedly
endogenous association fibres, and due to destruction or

VOL. XXV. 34
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438 OBIGINAL ARTICLES AND CLINICAL CASES

degeneration of cordonal cells at the base of the posterior
horn in the atrophied portion of the cord.

In all these sections through the lumbar region there is
definite interstitial sclerosis with atrophy of nerve-fibres in
the crossed pyramidal tracts of both sides ; it is most
marked in the fibres lying nearest the surface of the cord,
which are probably the longest fibres in the upper efferent
tract. This is of interest as showing the primary degen-
eration of the terminal branches of the cortical pyramidal
neurones with the longest axons, and accords with the
brisk knee-jerks.

Vessels.—Most of the vessels throughout the cord are in
a condition similar to that described by Gull and Sutton
(arterio-capillary-fibrosis), the media and adventitia being
much thickened, at times fibrous, at others hyaline in
appearance. Surrounding many of the vessels there is quite
a thick overgrowth of fibrous tissue which extends in a
stellate manner into the adjoining nervous tissue.

A medium-sized vessel on the anterior surface of the cord
in the lumbar region shows pronounced thickening of the
intima {endarteritis obliterans), but this is the only vessel
showing such change which was discoverable amongst all the
sections examined.

Membranes.—The pia-arachnoid is slightly thickened
throughout the whole extent of the cord, but most on the
anterior and lateral aspects. In the cervical region products
of degeneration (myelin and fat-globules of varying sizes,
and fat-carrying leucocytes) occur in considerable quantity
between the membranes and the external surface of the cord.

Posterior Boots.—Many of the incoming fibres of the
posterior roots in all the regions examined are degenerated;
unfortunately the ganglia were not removed, so that it is
impossible to say what was the condition of these.

CASE NO. 4.

A case of chronic rheumatoid arthritis urith muscular
atrophy of several years' duration, beginning with pains in
feet and afterwards in hands, followed by contractures.
Pronounced deformities of all limb joints, especially the
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smaller ones, with osteophytic outgrowths and considerable
muscular wasting. Sensation, speech, and swallowing normal.
Death from broncho-pnenmonia. Microscopical examination.
—No change in either white or gray matter of brain, pons,
or medulla. In the spinal cord chronic atrophy with exces-
sive pigmentation of anterior horn cells in cervical and lumbar
enlargements, all groups affected (especially the mesial-
anterior). Decrease in fibrillary network. General slight
interstitial overgrowth throughout the cord with arterio-
capillary-fibrosis, but no tract degeneration; slight chronic
changes in cells of posterior ganglia, atrophy of peripheral
nerve-fibres, atrophy and fatty degeneration of muscles.

Clinical History.

J. D., aged 53, widow; charwoman; was admitted into Colney
Hatch, February 15, 1896. Medical certificate on admission :—
She is dull and depressed, she talks incoherently, and declares
that other patients are spreading a number of bad reports about
her, and that she can hear voices outside the ward and up in the
ceiling. She thinks she is to marry the doctor, and that several
children are in the ward.

She gives the following history of herself:—Four years ago
she had pains in the feet, and then in the knees, which subse-
quently became contracted, preventing her walking. Two and a
half years ago the hands also became affected with pains, after-
wards followed by considerable rigidity of the elbow and hand.

Her present condition is as follows:—She lies in bed on her
right side, with her chin resting on the sternum, the movement of
the head being very limited.

Lower limbs.—The hips are flexed on the body, the knees are
flexed, and the ankles extended. The end of the femur oan be
seen projecting in front of the head of the tibia, the internal
condyle is prominent, the patella is thrown outwards, resting on
the outer condyle ; the head of the fibula projects externally;
there are considerable numbers of osteophytes developed; the
knee-joints are apparently ankylosed ; the internal and external
malleoli are prominent, and the ankle-joint is fixed ; the big toe is
turned outwards, but does not cover the digits. The four digits
are over-extended at the metatarso-phalangeal joints, and fixed at
the first interphalangeal joint, where there is considerable thicken-
ing. There is pronounced muscular wasting of the limbs.

Upper limbs.—Here the most marked deformities are in the
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hands. There is flexion of the ungnal phalanx on the second to
an obtuse angle, extension of the second phalanx on the first, and
flexion of the first phalanx on the metacarpal bone; flexion to a
less obtuse angle of the metacarpus and carpus on the bones of
the forearm. There is ulnar deviation of the hand, and a promi-
nence of the first metacarpo-phalangeal joint. The forearm is
pronated, and the elbow flexed. The shoulder joint is rigid, and
the upper limb is fixed to the chest in a position of adduction.
The finger-nails are small and atrophied.

There is great nodular deformity about the metacarpo-
phalangeal joints and the wrist, and all the muscles are much
wasted. The skin of the hands is smooth, red, and cold, and has
lost its wrinkles, but there is no loss of sensation.

The muscles most wasted are the small muscles of the hand,
forearm, arm, foot, leg and thigh, in the order mentioned. All
these respond readily to faradism. K.C.C. is less than A.C.C.
There is no fibrillary twitching.

There is no loss of sensation, and no loss of control over the
sphincters. The diaphragm during respiration contracts rather
more forcibly than is usual in a woman. There is no affection of
speech or of swallowing. (F. W. M.)

No change occurred in her mental and physical condition, and
three months later she died of broncho-pneumonia.

Post-mortem Examination.

It was found to be quite impossible to move the joints out of
the abnormal positions which have been described. There were
no bedsores.

The brain appeared fairly normal, and sections showed no
naked-eye change ; several portions were preserved for micro-
soopical examination. The membranes were not thickened, nor
were they adherent.

The spinal cord showed no naked-eye change ; it was preserved
with several of the spinal ganglia for further examination.

Heart.—Small, weighing only 6 oz. No valvular lesion,
muscle substance of a dark reddish colour, contrasting in this
respeot with the atrophied skeletal muscles.

Lungs.—Pneumonia and recent pleurisy of the right upper
lobe. Liver.—Very large, 64 oz., nutmeg appearance on section,
did not give the iron reaction. Kidneys.—6^ oz. the pair, very
pale and obviously fatty, especially the cortex. Spleen.—4 oz.,
pale and somewhat diffluent.
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The atrophied limb-muscles were very pale, and appeared to
be infiltrated with fat.

Microscopical Examination.

Brain.—Motor cortex. Sections stained by Nissl's
method show no pathological change -whatever in the cortical
cells. The vessels are healthy, and there is no thickening of
the membranes.

The internal capsule, crura, pons, and medulla likewise
appear perfectly normal.

Spinal cord.—Sections were examined at the level of
the sixth, seventh, and eighth cervical ; first, tenth, twelfth
dorsal; second and fifth lumbar, and first sacral segments.

Gray matter.—In the cervical enlargement there are very
important alterations in the large cells of the anterior horns.
There are fewer such cells present than in the normal cord
in this region, and a large number of them are seen to be
undergoing a chronic degenerative change, with the deposi-
tion of a large amount of pigment, just like the change
occurring in Cases No. 1, 2, and 3. In the present case,
however, it does not appear to be quite so extensive, and
there are some fairly healthy cells scattered amongst the
atrophied ones ; the process also does not pick out any special
group of cells as in the other cases, but affects apparently
to an equal extent all the different groups.

In the dorsal segments examined there is not anything
like the same amount of change in the anterior horn cells ;
here and there degenerated cells occur, but they are com-
paratively rare, whereas in the cervical and lumbar parts of
the cord the reverse is the case, and healthy cells are in a
decided minority.

In the lumbo-sacral portion of the cord exactly similar
changes occur as in the cervical enlargement, that is, many
cells in various stages of degeneration are scattered through-
out all the cell nests.

The mesial-anterior group certainly appears to be as
much, if not more affected than any other, unless it be the
postero-external. It has been pointed out that in the other
cases this group Bhows practically no change.
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In the cervical and lumbar enlargements there is also
very considerable decrease in the fibres composing the net-
work of the anterior horns, especially in the central portion.
This change, which does not occur in the dorsal region,
causes a very obvious pallor of the sections stained by
Weigert's method.

The posterior horns, the cells and reticulum of Clarke's
column, and the other portions of the gray matter, appear
perfectly normal in all regions of the cord.

White matter.—In all the sections examined there is a
slight general increase of the interstitial tissue; this is greatest
towards the periphery of the cord, and in the neighbourhood
of large fissures and vessels; the adventitia of the latter is
also very much increased. In no instance do the nerve-
fibres appear to be diminished in number, and there is no
indication whatever of any tract degeneration. We think
that the slight general interstitial overgrowth which is
present is probably not unlike the fibrotic condition occurring
in many organs as a result of old age ; such a condition is
not at all uncommon in the spinal cords of old people.

Anterior Boots.—The anterior nerve roots in the cervical
and lumbar regions are much atrophied.

Vessels.—Most of the small and medium-sized vessels are
in the condition described by Gull and Sutton of arterio-
capillary-fibrosis ; those of the peripheral nerves and skin
also show the same change.

The membranes are not thickened, and appear fairly
normal.

Spinal ganglia.—Several were examined from the lumbo-
sacral enlargement. Marchi sections show no fatty degenera-
tion, but the cells contain an abundance of black pigment in
small granules. Nissl-stained sections show that many of the
cells are somewhat shrunken and shrivelled, and the pigment
in these sections is yellow in colour. There is, however, no
very definite degeneration, and nothing of an acute nature.
There is a slight increase of the fibrous tissue throughout
the ganglia.

Peripheral nerves.—The right and left great sciatic and
ulna nerves were examined in longitudinal and transverse
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sections. In the Marchi preparations there appears to be
considerable diminution in the number of fibres, but there is
no recent degeneration. In sections stained by the carmine-
Weigert method it is readily seen that there is a considerable
deficiency in the number of fibres. In the transections of
some of the bundles there are quite large areas, as much as
one quarter of the section, almost entirely devoid of nerve-
fibres, their place being taken by an overgrowth of connective
tissue.

Thumb muscle.—A section of this stained by Marchi's
fluid, shows that there are a few fibres in which striation
is well marked, and which appear to be quite healthy; but
a still larger number are cloudy looking, and their striation
is indistinct, although they do not show any fatty change;
others, however, are in a typical condition of fatty degenera-
tion.

We have considered it advisable to include this case,
since the microscopical appearances almost exactly agree
with those in the three preceding ones; the cells and fibres
undergo exactly the same chronic atrophy, there is just the
same increase of pigment, and just the same thickening and
fibrosis of the vessel walls. In one respect there is a differ-
ence ; it has been seen that in the other three cases the
mesial-anterior group of cells in the anterior horns is
comparatively little affected, the chief change being in the
lateral groups; in this case, however, there are as many
atrophied cells in this group as in any other. We are
unable to say whether the change in the anterior horn cells
is primary or secondary to the joint change, or to give any
satisfactory explanation of this difference, we simply record
the fact.

REMARKS.

Degeneration of the motor tract is the anatomical lesion
present in several diseases having distinct clinical features.
Thus it occurs in Friedreich's disease, in combined lateral
and posterior sclerosis, and in general paralysis ; but in these
other neuronic systems are also affected. Degeneration of
the motor path may also be the result of a local lesion, e.g.,
anterior polio-myelitis, polio-encephalitis, embolus, &c. ; and
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lastly, cases exist in which not a degeneration, but an
arrest of the development of the efferent tract occurs, appar-
ently due to a simple agenesis; these cases are usually
associated with microcephaly.

On the other hand, there are instances in which the
motor tract undergoes a primary degeneration, neither the
result of a localised lesion nor part of a more general
disease ; clinically this may appear as amyotrophic lateral
sclerosis, progessive muscular atrophy, primary spastic
paraplegia, or bulbar paralysis. It is with such primary
degeneration that the present paper deals, it must, how-
ever, be remarked that as the result of the change in the
motor path, other conducting tracts may be affected.

(I.)—The Nature of tlie Morbid Process.

There is every reason for considering the change in these
cases to be a subacute or chronic degeneration of a portion
or the whole of the motor tract, that is, of the upper segment
alone, of the lower segment alone, or of both segments
together. The cases which have just been described in
detail demonstrate that the change is a slow decay of
individual neurones. In no instance could we find any evi-
dence of acute change in the cells, and it may be remarked
that also in the nerve-fibres and in the muscles the process
is usually one of gradual atrophy, with very little appear-
ance of true fatty degeneration like that met with in acute
processes. The cells become shrunken and irregular in
outline; the Nissl bodies gradually disappear, their place
being taken by a large collection of yellow pigment which
stains black with Marchi's fluid ; the nucleus becomes
smaller and its outline indistinct, later it is displaced to the
periphery of the cell, and at last disappears; the processes
get much thinner and eventually break off ; and finally a
small mass of granular pigment is all that is left. These
successive changes are shown in Plate III . which is drawn
from cells stained by Nissl's method. The nerve-fibres and
their end-organs, the muscle fibres, wither away in the
same manner; in the muscles a true fatty degeneration
does in some instances occur, and fibrils may be seen in
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Showing the stages of degeneration of an anterior horn cell.
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this condition, but very often the individual fibres gradually
become thinner, their striation disappears, and they are
finally replaced by connective tissue. In longitudinal sections
of the peripheral nerves we have at times come across small
portions of naked axis cylinders; in transverse sections the
diminution in the number of fibres, and increase in the con-
nective tissue is particularly well seen. Neuroglia gradually
takes the place of the atrophied nerve-fibres in the central
nervous system, causing a sclerosis which is secondary and
not primary.

The process is therefore slow, but progressive, and the
best explanation which can be offered of its occurrence is
that the neuron has reached that stage at which its inherited
vitality is exhausted, and it is no longer capable of perform-
ing the metabolism necessary to its life. The presence of
intracellular pigment which is almost universal in these cases
is probably an indication of presenile decay. Various theories
have been put forward to otherwise explain the condition,
thus by some it has been thought to be due to a toxic
influence, but although there can be no doubt that certain
poisons have a selective action upon certain neuronic sys-
tems, there does not appear to be any evidence in support
of this view in these cases ; the changes in the cells are
entirely unlike any toxic condition with which we are
acquainted. Neither can vascular alterations be looked
upon as the primary cause of the disease ; it is true that
in a very large proportion of these cases structural changes in
the vessel walls are found (arterio-capillary-fibrosis), but
these vascular changes are present throughout the entire
nervous system, and in many cases other parts of the body
also, so that it is unlikely that the degeneration would be
confined to the efferent tract unless there existed a tendency
to premature decay on the part of its neurons. It is pos-
sible, however, that the vascular alterations, by bringing
about an inadequacy of the circulation, may act as a con-
tributory factor. The age at which these diseases begin (a
time when the motor system is usually in full vigour) and
the fact that several members of a family may be similarly
affected, lend considerable support to the view of hereditary

 by guest on M
arch 25, 2016

http://brain.oxfordjournals.org/
D

ow
nloaded from

 

http://brain.oxfordjournals.org/


428 ORIGINAL ABTICLES AND OLINIOAL CASES

influences. It may be asked: Is the degeneration of a par-
ticular system of neurons entirely due to these tendencies,
or may the site of the disease not be determined by some
external cause ? It has been repeatedly pointed out by one
of us that in tabes, for example, the initial site may be
brought about by occupation, &c.; thus, in those whose work
entails constant stress upon the luinbo-sacral region of the
cord, this is the part first affected, whilst in others in whom
the arms are chiefly used, the disease begins in the upper
part of the cord.* It is therefore likely that in the cases we
are now considering the occupation of the patient may
determine which portion of the efferent tract will be first
affected, but there does not seem to be any reason for think-
ing that the selection of the tract itself (whether afferent or
efferent) can be so influenced; such must be due to here-
ditary predisposition. It should be remembered that exces-
sive motor sense impressions are but the outcome of excessive
movements, and that the one is commensurate with the
other; the stress on both systems is therefore equal.

With regard to the morbid anatomy of these diseases
(especially amyotrophic lateral sclerosis), it has been fre-
quently noticed that in some instances the sclerosis in the
pyramidal tracts cannot be traced higher than the medulla
or pons, in others as far as the crura, and in others up to
the internal capsule, although most observers have been
able to find evidence of change, in the presence of granular
bodies, as high as the motor cortex. There are, of course,
many difficulties in the way of demonstrating sclerosis
higher than the capsule, but even allowing for this there
can be no doubt that it is frequently more pronounced in the
most distant part of the efferent tract. The explanation of

* The cab-driver would use his legs but little, his arms and bands a great
deal in driving and lifting the boxes on and off his cab, hence the limitation
of the disease in Case 3. Two other examples occurred in the practice of one
of us (F. W. M.). A cooper, who wielded a 41b. hammer, was affected first in
the right arm with amyotrophic lateral Bclerosis; but an Italian waiter was
affected first and most severely in the muscles of the left hand and shoulder;
upon being asked whether he could in any way account for this, he said he
carried a tray all day long with his left hand. The familiar figure of the
waiter of the Italian restaurant with the loaded tray poised on the left hand,
level with the shoulder, suggests stress on the very muscles which were first
affected in this man.
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this is easier if we remember that the change is not an acute
one like that resulting from a focal lesion, but that a Blow
and gradual death takes place, the parts most distant from
the cell being the first affected.

We may here describe a case which affords a micro-
scopical demonstration of this point:—The patient had
well-marked hemiplegia and aphasia, due to thrombosis of
the left middle cerebral artery, death taking place on the
twelfth day. The cells of the.cortex were stained by Nissl's
method, but after examining many sections it was found to
be quite impossible to distinguish between those of the two
hemispheres, that is to say, no departure from the normal
could be detected in the pyramidal or other cells of the left
motor region, although the patient was quite hemiplegic.
On examining the pons and medulla there were found to be
definite alterations in the efferent tract. At this level there
was little (scarcely any) Marchi degeneration (what was
present was confined to small fibres, possibly collaterals, and
therefore almost terminal ones); many of the large fibres,
however, were greatly swollen, and appeared to be in a con-
dition of coagulation necrosis. There were no similar fibres
in the corresponding region of the other side. Still lower
down, in the cervical cord, many fibres were seen in a typical
condition of fatty degeneration in the left direct and right
crossed pyramidal tracts. Thus it is seen that in these
cases of gradual death of the neuron, degeneration simul-
taneously throughout the course of the fibre does not take
place ; the fatty change begins in the most distant part of
the fibre, and then ascends towards the cell; this fatty
change being preceded by a swollen condition of the axone.

This case affords an explanation of the peculiar micro-
scopical appearances which have been observed in amyo-
trophic lateral sclerosis, and why it is that although
degenerative changes are always well marked in the dis-
tant portions of the tract, they become less evident in the
higher regions. Occasionally, if the case is of consider-
able standing, definite degeneration may be found in the
motor cortical cells, as in Case No. 1.

Marie drew attention to the fact that in cases of amyo-
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trophy emotional disturbances frequently exist. Our own
experience entirely confirms this, the patients very gener-
ally showing a ready tendency to burst into tears, or, less
often, into laughter, for slight causes. There is psycho-
motor slowness in the emission of ideas, the memory and
attention are not lost, but dormant, and require an effort
to be revived. There is no true dementia, however, and
this is in accordance with the fact that in the cortex the
degeneration is confined to the large Betz cells; the smaller
and medium-sized pyramids and the layers of tangential and
mperradial fibres being quite unaffected. This constitutes
a very important microscopical difference between this con-
dition and those of general paralysis and senile dementia
associated with degeneration in the efferent tract. Some-
times in amyotrophy a slight thickening and opacity of
the pia-arachnoid membrane over the motor cortex may
be found, which, in view of the limitation of the degenera-
tion, must certainly be looked upon as secondary. Pierret
considers that there is a close relationship between general
paralysis and amyotrophic lateral sclerosis.

(II.).—The Pathological Relation between (he Upper and
Lower Motor Segments.

Charcot maintained that in cases of amyotrophic lateral
sclerosis, the primary lesion was a degeneration of the
pyramidal tracts, and that this caused a " deuteropathic "
affection of the ganglion cells of the anterior horns. Sir
Wm. Gowers and Leyden strongly object to this view,
and consider that a primary and independent degeneration
takes place throughout both the upper and lower segments,
the change in one not being brought about by that in the
other, but both being due to a common cause ; indeed, they
consider that in by far the larger number of cases, both seg-
ments are affected simultaneously, and that it is extremely
rare to find, in cases of progressive muscular atrophy, an
absence of change in the pyramidal tracts also.

In support of Charcot's view, it must be admitted that a
degeneration of the pyramidal tracts resulting, say, from a
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cortical lesion, may be followed by changes in the anterior
horn-cells. Schaffer, in a case of cerebral hemiplegia of
short duration, found chromolytic changes in the postero-
external group of anterior horn cells, which he regarded
as secondary to the degeneration of the pyramidal tracts.
Marie thinks that diminution in the size of the anterior
horn is almost always present in long-standing cases of
degeneration of the pyramidal tract. Fiirstner and Knob-
lauch also noted the same thing, and pointed out that it
was the lateral cell groups which were chiefly affected.

The different kinds of birth palsies also show that degen-
eration or arrest of development of the upper efferent tract
may bring about very important changes in the cells and fibres
of the lower tract. In a recent article we described three
such cases of primary cerebral lesion, and in each of them,
in addition to the atrophy of the corresponding pyramidal
tract, there was marked diminution in the anterior horn
cells of the arm and leg enlargements, and atrophy of the
peripheral nerves and muscles.

One also at times sees in cases of hemiplegia occurring
in middle age a very considerable wasting and flaccidity of
the muscles which are rendered paralysed. A large part of
such may very probably be the result of disuse, but in some
cases this explanation seems by no means adequate and
in these it almost looks as if the upper segment did really
exercise a kind of trophic influence over the lower. It must
be admitted that this only takes place after the lapse of some
considerable time; the subject is, however, one well worthy
of further attention. There can be no doubt that the afferent
fibres exert a trophic action upon the anterior horn cells.
Warrington found chromolytic changes in certain of these
cell groups after section of the posterior roots, which he
attributed to the withdrawal of afferent impulses normally
acting upon these cells in the production of reflex spinal
tonus.

Whilst therefore there can be no doubt of the existence
of a trophic action between the upper and lower parts of the
efferent tract in some cases, the presence of degeneration in
one portion resulting from degeneration in the other seems
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to be rather the exception than the rule, and it is now well
established that disease may involve either segment separ-
ately, or both together. In Case No. 4, although the con-
dition is perhaps not strictly a primary degeneration of the
lower segment, the change is confined to that segment, and
in spite of its duration of several years there is no evidence
of implication of the upper portion of the tract. There have
also been a few cases recorded (by StriimpeLl and others) of
the opposite condition, the degeneration being limited to the
pyramidal bundles and the anterior horns showing no change
(primary spastic paraplegia). One also not infrequently
meets with similar cases of a temporary nature, in which
spastic paraplegia is present, the patellar reflexes being
greatly exaggerated, as a rule recovery takes place after a
longer or shorter time, and hysteria is often invoked as the
cause; but many such cases may be directly traced to an
infectious process, such as influenza, &c. On the other
hand there are certain poisons, of which diphtheria is a well-
known example, which seem to have a special predilection
for the lower segment. If, therefore, each segment of the
motor tract is specially susceptible to the influence of parti-
cular poisons, it seems legitimate to conclude that there also
may be different hereditary tendencies present in the two
tracts. In some persons there may be a tendency to prema-
ture decay in the upper portion, in others in the lower por-
tion, and still in others throughout the entire motor system

(III.).—The Involvement of other Neuronic Systems.

Many writers would exclude from the cases we are now
considering those in which other tracts than the efferent are
affected; but although we most certainly hold to the view
that a degeneration in the motor system is the primary and
essential change, and that in many cases no other tracts are
affected, it is certain that in a not inconsiderable number of
cases (amyotrophic lateral sclerosis in particular) atrophic
changes also exist in other tracts of the white matter. Such
changes, however, are to be looked upon rather as secon-
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dary in nature than as a true primary degeneration like that
occurring in the pyramidal tracts. These secondary changes
take place in two distinct systems—i.e., association and
afferent.

Association fibres.—As is well known, the anterior horn-
cells of different segments of the spinal cord are brought into
communication with one another by means of short and
long association systems. Many of the short fibres pro-
bably do not leave the gray matter, bnt the longer ones
occupy the antero-lateral columns lying intermediate between
the periphery of the cord and the gray matter of the horns.
In many cases of amyotrophic lateral sclerosis and of pro-
gressive muscular atrophy a well-marked band of interstitial
sclerosis is to be seen in this region, indicating the involve-
ment of these fibres. Osier also mentions a case in which
sclerosis occurred in the medial longitudinal bundles, which
are generally thought to convey association fibres from the
cord to the medulla and pons. It is likely that the very
great disappearance of fibres from the network of the
anterior horns is partly due to atrophy of short association
fibres ; it certainly cannot be entirely due to affection of the
terminal filaments of the pyramidal tracts as might be sup-
posed, because in Case 4 the diminution in this network is
almost as marked as in the other cases, and yet in this the
upper efferent tract was not involved. These association
systems are evidently part of the lower motor segment; they
u_ dergo no change if the degeneration is confined to the
upper segment (as in hemiplegia, &c), and their atrophy
appears to be proportional to the number of anterior horn-
cells affected ; possibly it is of a secondary nature, and due
to the fact that they are put out of action by the death
of the anterior horn-cells, which they usually serve to
connect. According to the view of von Monakow, which is
supported by Schafer's experimental operations, the terminal
arbo-isation of the pyramidal systems does not come into
direct connection with the dendrons of the spinal motor
neurcns, but through the intervention of intercalary neurons
of th< second type of Golgi.

Tl e opposite halves of the cord are similarly connected
V.L. xxv. 35
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by fibres passing through the anterior commissure, and in
most cases there is a very well-marked sclerosis in this
region also.

Afferent fibres.—Charcot, Pierre Marie, and other ob-
servers have drawn attention to the fact that in amyo-
trophic lateral sclerosis the posterior columns are frequently
sclerosed, and although this has been denied by other
writers, our experience certainly confirms it. The extent of
this change in our cases will readily be seen by a reference
to Plates I. and II., and to the description of the cases. We
were also able to demonstrate atrophy of some of the fibres
of the posterior roots. It must therefore be admitted that
changes do occur in the afferent tracts; the explanation,
however, is not easy, and there seems to be no recorded
instance of atrophy of any other portion of the afferent
system than the posterior columns. All writers agree that
the cells and reticulum of Clarke's column, the direct cere-
bellar and the ascending tracts in the antero-lateral column
are unaffected. We suggest the following explanation of
this atrophy of posterior column fibres. These fibres con-
vey impressions arising in the deep structures, especially the
muscles; in support of this statement we may refer to
Sherrington's important observation that one-third to one-
half the fibres entering muscles are afferent. It is highly
probable that other sensory impressions (tactile, pain, and
temperature) which come from end organs situated in the
skin and subcutaneous tissues are conducted by the short
fibres which enter the gray matter of the cord imme-
diately, terminating in an arborisation around cells of the
substantia gelatinosa of the posterior horn. In degenera-
tions of the motor tract, although the muscles are pro-
foundly atrophied and in many cases converted into little
more than fibrous tissue, the overlying skin remains
unaffected, and the ordinary sensations are not interfered
with ; it therefore seems possible to look upon the change in
the posterior columns as being due to the secondary disuse
atrophy of fibres coming from the muscles. We know
that similar changes take place in all the afferent tracts
after amputation of a limb ; we have ourselves observed
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this in several such cases, and this view explains why, in
wasting of the muscles only, such change should be confined
to the posterior columns.

In addition to these secondary alterations in tracts,
some cases, especially those of long duration, show a diffuse
increase in the interstitial tissue throughout the cord, the
septa and adventitia of the blood-vessels being also much
thickened. It is not uncommon to find this condition in
other cases of chronic nervous degeneration, and also in
old age.
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